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Polymerization with Fuming Nitric A cid.-The 
method of Burton' cannot be recommended, be- 
ing very dangerous, exceedingly trying and time- 
consuming and, a t  best, not a t  all accurate. His 
details, when tried experimentally, will be found 
to be quite impracticable for a laboratory method. 

The modification, or rather the combination, 
of old methods, employed by the writer with en- 
tire success, is comparatively easy, is safe and 
rapid, includes all the possible fractions of petro- 
leum products, and gives almost quantitative 
results, except in the case of very light naphtha, 
which, to the writer's knowledge, is never em- 
ployed for purposes of adulteration. Even in 
this case as much as 50 per cent. of the amount 
present is readily separated, and as little as I per 
cent. of added ordinary mineral product may be 
determined with certainty. 

The appended table shows laboratory results, 
obtained on various known substances and mix- 
tures : 

5% 
heavy 

Pure 1% 5% min- 
Wood Stump turpen- kero- kero- 5% 5% era1 

pulp. turp. tine. sene. sene. hexane. elaine. oil. 
Steamdistil... . trace 4 . 5  0 3 1 .O 1 . O  1 . 0  4 5 9 . 0  
Refractometer . high high high high high 78 80 
Hfi0,distil .... 70 17 8.0 10.0 14.0 12.0 10 0 7 
Refractometer. 100 90 77 60 48 63 50 90 
" 0 2  treatm't . none 0 . 5  1 . 5  4 . 5  3 . 0  5 . 0  5 . 0  
Refractometer . 33 9 0.0 low 18 
Refractometer of the adulterant 8 8 low 25 60 

The method in detail is as follows: IOO cc. sam- 
ple, in a suitable flask ( 5 0 0  cc. Jena Kjeldahl 
answers nicely), is distilled in a current of live 
steam. The residue and distillate are transferred 
to  separatory funnels and the water tapped off. 
The distillate is returned to the flask, treated with 
500 cc. of concentrated sulphuric acid very grad- 
ually, shaken, and carefully cooled (McCand- 
less's method). 25  cc. water are added and the 
mixture distilled with steam, to a total of IOO cc. 
With pure turpentines the amount of oil is uni- 
formly 8 cc., an excess indicating adulteration. 
This oil is added to the residue from the first di- 
rect steam distillation. 

A volume of fuming nitric acid, equal to three 
times that of the combined residues, is placed in a 
separatory funnel and thoroughly cooled in ice 
water. The combined oils are now added, drop 
by drop, shaking carefully and keeping cold. 
After all the oil has been added, allow to  rest a 
few moments and draw off the acid layer. Wash 

1 Am. Ch. J , 1% 102. 

the remaining oil once with fuming nitric acid, 
twice with ordinary strong nitric acid, and finally 
several times with water. 

The refractometer readings may advantageously 
be made on the various products obtained, but 
are by no means essential. 

With pure turpentine a residuum of about 0.5 
per cent. will be obtained, and allowance for this 
must always be made. 

I n  the case of wood turpentine no such residuum 
is obtained, or a t  most, a mere trace, and no cor- 
rection is necessary. 

In  the above series of experiments, then, the 
results, after making the correction, are: 

Measure the volume. 

Added, Found, 
per cent. per cent. 

. . . . . . . . . . . . . . .  1 .o Kerosene adulterant.. 1 0 
4 .0  Kerosene adulterant.. 5 .O 

Elaine oil. .  5 . 0  4 . 5  
Mineral oil, heavy.. 5 . 0  4 . 5  
Hexane.. 5 .O 2 . 5  

showing that  with such petroleuni products as are 
commercially employed, the method yields almost 
quantitative results, irrespective of the physical 
constants thereof, or of the turpentine employed. 
As little as one per cent. is found without any 
trouble. With exceedingly light products -- 
which are not used, however-the results would 
be low. 
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Considered from the standpoint not only of the 
food chemist but of the industrial chemist as well, 
determinations of total, fixed and volatile acids in 
wines are among the most important that  are re- 
quired in a complete course of analysis. These 
determinations are necessary not only for the 
judging of wines in accordance with legal standards 
of purity, but they also afford a t  times a very crucial 
insight into conditions relating to soundness or 
quality. At an earlier date than the latter part of 
the last century these considerations were not so 
much emphasized, doubtless because they were 
but  little understood. 

The first methods of analysis were of such a 
character as one might expect in the beginnings of 
our knowledge of fermented liquors as a class. The 
first known method of determining volatile acids 
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consisted in distilling a measured quantity of the 
sample to about one-third of its original volume 
and titrating the distillate. The results must 
obviously have been too low. The next step ap- 
pears to have been in favor of an indirect course of 
procedure whereby the total acids were first titrated, 
then the wine evaporated off and the fixed acids 
titrated in the residue. From the difference between 
these titrations was calculated the amount of 
volatile acids. Various modifications of this met hod 
came into use. 

Kissell proposed evaporating the wine with sand 
or granulated glass, then drying the residue in an 
oven before titrating the fixed acids. 

Weigert2 evaporated 2 0  cc. of wine together with 
sand or pumice or paper cuttings in a small beaker, 
then heated the residue for a time a t  IOOO C. 

Nessler and RarthS evaporated 20 cc. of wine 
and heated the residue 20 minutes on a boiling 
water-bath. 

In all these methods the aim appears to have 
been to liberate the total volatile acids by a pro- 
longed heating of the extract. That an appreciable 
change might occur in the extract constituents as 
a result of such treatment was not at first con- 
ceived. At a later date, however, there developed 
grounds for the belief that certain of the fixed 
acids disappeared, in consequence of which, on 
titrating the residue, there was obtained too small 
a result. Hence the result for volatile acids would 
be too high. These considerations finally resulted 
in the abandonment of the so-called indirect meth- 
ods, and it was again proposed to separate the vola- 
tile from the fixed acids by means of distillation and 
to titrate the volatile acids in the distillate. But 
because the volatile acids pass over only slowly 
and with difficulty, a simple distillation as in the 
determination of alcohol could obviously not be 
employed. 

First Kisse14 proposed a method which was sub- 
stantially as follows: 

Fifty cc. of wine were heated to boiling with 2 0  

cc. of a solution of phosphoric acid of specific 
gravity 1.12, distilled from a retort on a sand-bath 
to  50 cc. distillate, 50 cc. of water added, the dis- 
tillation continued to an additional 50 cc. distillate, 
and the operation repeated three times until a 
total of 250 cc. of distillate was obtained. This 
method was very laborious and slow, the determina- 

1 Ze+tschr. Anelyt. Chcmra, 8. 416 (1869). 
2 Ibul.3 18, 208 (1879). 
a Ibia!., 22, 166 (1883). 
4 Ibid., 8, 416 (1869). 
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tion requiring from four to  six hours' time and 
constant close supervision. 

Weigert' distilled 50 cc. of wine to extract con- 
sistency under reduced pressure in a brine bath a t  
109' C., added 50 cc. of water and again distilled. 

Later, U'olff2 devised a method of distilling under 
diminished pressure on a sand-bath, allowing the 
wine and finally water to pass slowly through a 
funnel-tube into the flask. 

Nessler and Barth3 then came forward with a 
new method in which it was directed to distil 50 cc. 
of wine in a calcium chloride bath a t  119' C. The 
distillation was prolonged for a time after the wine 
was reduced to a syrupy consistency and finally a 
stream of carbonic oxide gas was passed through 
the distilling flask. 

Shortly afterwards, in 1883, Lindeniann* de- 
scribed a method of driving out the volatile acids 
by steam, and this method forms the basis of the 
official methods which for some years have been 
prescribed in Europe and in America. I n  its es- 
sential details, the present official methods is as 
follows: 

Fifty cc. of wine are distilled in a current of 
steam, in the meantime heating the flask containing 
the sample until the liquid boils and regulating 
the flame so that the volume remains constant. 
Two hundred cc. of distillate are collected and 
titrated with tenth-normal sodium hydroxide, 
using phenolphthalein as an indicator. 

Chemists who have had considerable experience 
with this method must have noticed that i t  often 
happens that distillates collected beyond 200  cc. 
show a more or less strong acid reaction. This is 
the case especially with certain red wines, notably 
Rurgundys, Ports and Clarets and wines of the 
Sauterne type. In fact, as the accompanying 
table shows, it seldom if ever occurs that the first 
200 cc. distillate contains, even to a fair approxi- 
mation, the total volatile acids. In some instances 
it is seen that by carrying the distillation beyond 
2 0 0  cc. the error is very considerable. For example, 
following closely the official method and collecting 
400 cc. of distillate, there are shown the following 
rates of increase in the total volatile acids: in a 
Burgundy, approximately 14 per cent.; in two 
samples of Port, respectivelv 13 and 14 per cent.; 
in aclaret ,  13 per cent.; and in a white wine, 9 per 

1 Zeitschr. Analyt. Chemk, 18, 208 (1879). 
2 Refiert. AnaZyt Chemie, 1, 213 (1883). 
a Zeztschr. Analyt Chemk, 22, 166 (1883). 
4 Ibzd.. 22, 516 (1883). 
6 Bull. 107, U. S. Dept. Agr , p. 86. 
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cent. There occur indeed 'wines in which the 
volatile acids appear never to  become completely 
exhausted, in which, in fact, the distillate fails to 
appear permanently neutral even after very pro- 
longed distilling. This phenomenon may be at- 
tributed not so much to acids of difficult volatility 
as to a possible decomposition of the extract con- 
stituents under the influence of prolonged heating 
b y  the direct action of the flame which the official 
directions require should be maintained below the 
flask containing the sample. It would seem, 
therefore, that  300 cc., or at most 400 cc., of dis- 
tillate should contain practically all of the volatile 
acids, and tha t  i t  may not be necessary or practical 
to prolong the distillation until the last portions of 
the distillate are neutral. The results obtained on 
the sixteen samples of wine included in the foregoing 

come too large, an insufficient amount of volatile 
acids will pass over; if the distillation be too rapid 
and the volume of the wine be permitted to diminish 
too much, there may occur an overheating and the 
amount of volatile acids will he too great. Finally, 
in order to  obtain a fairly acceptable concordance 
in results, the distillation must be watched from 
beginning to end with the greatest care. 

It  has also been recognized that  the agreement 
in results obtained by several distillations on a given 
sample fails to  reach as high a degree as ought to be 
expected, even in approximately exact determina- 
tions. When the distillations are carried out to  
400 cc., or even until the vanishing point of acidity 
is fairly reached, the results often fail to agree within 
reasonable limits. A difference in the results of the 
titrations amounting to  from 0.3 to 0.5 cc. of the 

VOLATILE ACIDS IN WINES. 

(Results according to present official method.) 

Distillates. 
Results in terms of cc. N/1 NaOH required to neutralize 

Sample.' 
1 Claret.. ........... 
2 Zinfandel.. ........ 
3 Burgundy.. ....... 
4 Sherry.. .......... 
5 Sherry.. .......... 
6 Port.. ............ 
7 Port.. ............ 
8 Muscat.. .......... 
9 Hock.. ........... 
10 White wine.. ...... 
1 1  White wine. . . . . . . .  
I2 Port...  ........... 
13 Sherry., . . . . . . . . . .  
14 Claret ............. 
15 Angelica.. ......... 
16 Port.. . . . . . . . . . . . .  

First 
100 cc. 
6.30 
5.80 
9.25 
4.65 
5.60 
10.70 
5.45 
2.75 
2.85 
4.45 
6.90 
2.15 
5.90 
7.65 
4.70 
4.10 

Second 
100 cc. 
2.10 
1.70 
3.65 
1.55 
2.20 
3.45 
2 .oo 
1 .oo 
0.90 
1.45 
2.25 
0.80 
2.40 
2.65 
1.65 
1.95 

Third 
100 cc. 
0.60 
0.50 
1.25 
0.50 
1.10 
1.25 
0.70 
0.40 
0.50 
0.80 
0.50 
0.35 
0 85 
0.95 
0.60 
0.75 

Fourth Fifth 
100 cc. 100 cc. 
0.30 0.15 
0.25 0.15 
0.55 0.20 
0.25 0.10 
0.70 0.30 
0.65 0.25 
0.35 0.15 
0.25 0.10 
0.25 0.10 
0.45 0.15 
0.35 0.20 
0.20 0.00 
0.45 0.15 
0.40 0.15 
0.30 0.10 
0.35 0.15 

table show that  in only four cases did the fifth IOO 
cc. of distillate require as much as  0.2 cc. of tenth- 
normal alkali to neutralize ; hence, for practical 
purposes it may be assumed that  the vanishing 
point of the volatile acids occurs when 500 cc. of 
distillate have passed over. On this basis, the 
results obtained show that  the proportion of volatile 
acids collected in the first 300 cc. of distillate 
ranges from 90.0 to  95.7 per cent., only four samples 
showing a proportion slightly greater than 9 j  per 
cent. Thus, even in the present official method, 
if the entire apparatus be of fixed dimensions and 
relations in addition to  the other conditions ex- 
pressly stipulated, a large part  of the fundamental 
error is still retained even by carrying the distilla- 
tion to 300 cc. If the distillation be conducted 
slowly and the volume of the mine permitted to  be- 

First 
200 cc. 
8.40 
7.50 
12.90 
6.20 
7 .SO 
14.15 
7.45 
3 75 
3.75 
5.90 
9.15 
2.95 
8.30 
10.30 
6.35 
6.05 

First 
300 cc 
9.00 
8.00 
14.15 
6.70 
8.90 
15.40 
8.15 
4.15 
4.25 
6.70 
9.65 
3.30 
9.15 
11.25 
6.95 
6.80 

First 
400 cc 
9.30 
8.25 
14.70 
6.95 
9.60 
16.05 
8 .so 
4.40 
4 .50 
7.15 
10.00 
3.50 
9.60 
11.65 
7.25 
7.15 

Total 
500 cc. 
9.45 
8.40 
14.90 
7.05 
9.90 
16.30 
8.65 
4 .50 
4.60 
7.30 
10.20 
3.50 
9.75 

1 1  .so 
7.35 
7.30 

Per cent. - acid in 
first 

300 cc. 
95.2 
95.2 
95 .o 
93.6 
90.0 
94.7 
94.2 
92.2 
92.4 
91 .7 
94.6 
94.3 
93.8 
95.7 
94.5 
93.1 

standard alkali has often been noted, and the 
differences are conirnonly far greater a t  the close of 
the 2 0 0  cc. period, amounting to 0.6 or 0.8 cc. in 
several instances. 

Briefly, then, the objections to the present official 
method are: 

(I) The method is complicated, requiring rather 
elaborate apparatus and tiresome supervision. 

(2) The prolonged heating of the wine by the 
direct action of the flame doubtless affects in some 
manner the constitution of the acid ingredients. 

(3 )  The results do not to a sufficient extent 
represent the total volatile acids. 

(4) The results are not reasonably concordant 
in the hands of different persons or even in the 
hands of a single individual. 

Owing to these considerations, various chemists 

- 
B 

1 Samples 1 to 1 1  furnished by California Wine Association. 1906; samples 12 to 16 obtained from various SOUTC~S. 
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hare proposed the abandonment of the direct 
method of determining volatile acids in favor of 
an indirect course of procedure. After a prolonged 
examination of the relative merits of these general 
methods, Windisch' proposes the following : 

Twenty-five cc. of wine are titrated in the usual 
manner for total acids, using litmus or litmus paper 
as indicator. Another 2 5  cc. portion is then 
evaporated on a water-bath in a porcelain dish to 
3 to 5 cc., the residue dissolved in about 25 cc. of 
hot water, the liquor again evaporated to 3 to 5 cc., 
the residue again dissolved in about 2 5  cc. of hot 
water, and the liquor evaporated a third time to 
3 to 5 cc. Finally, the residue is dissolved in hot 
water and the fixed acids titrated, using litnius as 
an indicator. The difference between the results 
of these titrations represents the volatile acids. 

GuerinZ has devised a method which contemplates 
getting rid of coloring matter. The determination 
is made as follows: 

Ten cc. of wine (previously boiled a few minutes 
under a reflux condenser) are treated with 5 cc. of 
a ten per cent. solution of mercuric acetate, filtered 
from the precipitate and washed with cold water 
until the filtrate and washings equal 300 cc. The 
colorless liquid is treated with IO cc. of a twenty 
per cent. solution of sodium-potassium tartrate 
and titrated with fourth-normal potassium hy- 
droxide, using phenolphthalein as an indicator. 
A blank determination is made with water in place 
of wine, using the same quantities of reagents and 
titrating as before. The difference between the 
results corresponds to the total acids. Another 
IO cc. portion is evaporated gently on a water-bath 
to a thin syrupy consistency, mixed with a little 
hot water and evaporated again. The residue is 
taken up with boiling water, cooled and clarified, 
and the fixed acids titrated and determined as in 
the method for total acids, The difference between 
this result and that  obtained for total acids cor- 
respond to the amount of volatile acids. 

Roos and Mestrezat3 heat 2 0  cc. of wine under 
reduced pressure on a water-bath and distil off the 
volatile constituents until the contents of the flask 
have been reduced to  2 to 3 cc. Twenty cc. of 
water are then run in and the distillation continued, 
under reduced pressure, until the volume is reduced 
to 5 to  6 cc. A second addition of 2 0  cc. of water 
is made and the volume finally reduced to about 

1 ZeWchr f k t  Unfcrsuehuno de7 Nahrunos wnd Gentlssmiitel. 9, 7 0  
(1905). 

* jour. pharm. chnnie, as, 491-2 (1907). 
8 Bull. Asme. Chim. Suc7.. ?)S, 41-9 (1907). 
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IO  cc. The fixed acids are titrated in the residue, 
using tenth-normal sodium hydroxide together with 
phenolphthalein as an indicator. 

Other investigators have proposed various niodi- 
fications of a method of carrying out the volatile 
acids by means of a current of steam. 

Curtel' heats 2 5  cc. of wine and 2 5  cc. of water 
in a small flask on a water-bath, in the meantille 
passing steam through the liquor. The fixed acids 
are titrated in the residue. 

Robin' proceeds in the following manner: The 
apparatus consists of a 60 cc. ordinary round flask 
and a 2jo cc. Erlenmeyer flask, the latter of 
which is provided with a stopper in which is fitted 
a funnel together with a delivery tube which leads 
to near the bottom of the smaller ;Task. Ten cc. 
of wine are introduced into the smaller flask, the 
water in the Erlenmeyer heated to bciling and the 
steam passed through the wine from 40 to 45 
minutes, in the. meantime heating the smaller 
flask gently by means of a sm ~ The 
Erlenmeyer is then raised until the aeiivery tube 
does not dip into the wine, the tube rinsed off with 
water, the liquor transferred to a beaker and the 
fixed acids titrated. 

In these methods the total acids are titrated in 
a separate portion of the sample and the volatile 
acids determined by difference. 

8elliers has described a simple apparatus which 
consists of a small wide-neck flask into which is 
fitted a cylindrical-shaped flask. In the bottom 
of the latter flask is a small opening leading inward 
through a siphon-shaped tube bent back upon itself 
and terminating a t  a point close to the bottom. 
In  making the determination, 50 to 60 cc. of dis- 
tilled water are placed in the larger flask, the smaller 
flask fitted into the wide neck by means of a section 
of rubber tubing, IO cc. of wine run in and the 
water heated to boiling. The steam passing 
through the wine carries out the volatile acids, in 
the meantime causing no appreciable change in the 
volume of the wine liquor. When the water is 
reduced to about 5 cc. the flame is removed and as 
the apparatus cools the remaining liquor is drawn 
into the larger flask. The inner flask is rinsed out 
with a little hot water, the two flasks disconnected, 
the liquor cooled and the fixed acids titrated. 

This method has been employed in this laboratory 
in the analysis of a number of samples of wine and in 
the investigation of a dozen or more of the common 

1 Annd Chim. Analfl., 6, 361 (1901). 
2Jour. Pharnr. Chint , 19, 531-3 (1904). 
J A n d .  Chim. Analyt., 6, 414 (1901). 
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varieties of fruit juices, and has proven satisfactor!7 
not only from the standpoint of convenience in 
manipulation but on account of the fact that the 
results appear to be reliable and concordant. It 
has been considered, however, that the volatile 
acids are not collected but are allowed to dissipate 
into the air; hence i t  has occurred that while there 
is here afforded a simple, satisfactory means of 
separating the volatile from the fixed acids, i t  
might also be desirable to  condense the vapors 
and titrate the volatile acids in the distillate. By 
joining a condenser to the flask containing the sample 
there is provided an apparatus whereby may be 

determined in one operation both the volatile and 
fixed acids on the same portion of wine. 

The apparatus, as now constructed, consists of 
a'3oo cc. spherical, flat-bottomed flask provided with 
an  elongated wide neck. Into the neck of this 
flask is fitted a 7 5  cc. cylindrical-shaped flask pro- 
vided with a siphon-like tube as in the apparatus 
of Sellier. Into the latter flask is fitted a small 
funnel with stop-cock and a delivery tube with 
safety bulb leading to  a condenser. The distillate 
is received in a IOO cc. cylindrical graduate. 

Volatile and fixed arids are determined as follows : 
One hundred cc. of recently boiled distilled water 
are poured into the larger flask, the smaller flask 
tightly fitted into the wide neck by means of a short 
section of rubber tubing, IO cc. of wine (previously 

foaming is prevented by adding to the wine a small 
piece of paraffin. When j o  cc. of distillate have 
passed over, the graduate is emptied into a beaker 
and the distillation continued. The distillate is 
titrated with tenth-normal sodium hydroxide, using 
phenolphthalein as indicator. The distillation is 
stopped when an additional I O  cc. of distillate 
requires not more than one drop of the standard 
alkali solution to neutralize. Usually So cc. of the 
distillate will include practically all of the volatile 
acids. On cooling the apparatus, the wine liquor 
is siphoned into the lower flask. The remaining 
liquor is rinsed out by running a small amount of 
hot water through the funnel tuhe and the two 
flasks disconnected. I n  the case of a white wine 
or a light colored wine, IOO to 2 0 0  cc. of boiled dis- 
tilled water are added and the fixed acids are titrated 
with tenth-normal sodium hydroxide, using phenol- 
phthalein as an indicator. In the case of a highly 
colored wine, the liquor is cooled, made up to IOO 
cc., zj cc. measured out and diluted with boiled 
distilled water and titrated as before. 

I n  order to prepare a wine for analysis, various 
methods have heen proposed. The one commonly 
given directs that the sample be thoroughly shaken 
or poured for a short time from one vessel to an- 
other and filtered. Such a method may suffice 
with wines having a very low gaseous content, but 
with wines fermented under pressure and with car- 
bonated liquors especially a more effective method 
should be required. Some analysts heat the sample 
in an open dish to incipient boiling, while others 
subject the wine to boiling under a reflux condenser. 
The latter method is given by Breteaul in connec- 
tion with the determination of total acids, as fol- 
lows : 

Ten cc. of wine are measured into a 300 cc. flask, 
2 0 0  cc. of distilled water added and the liquor boiled 
3 minutes under a reflux condenser. After cooling, 
two drops of phenolphthalein are added and the 
solution titrated with decinormal sodium hydroxide. 
I n  the same manner, 210 cc. of distilled water are 
titrated and the total acids calculated from the 
difference between the results of the two titrations. 

I n  the lahoratory of the California Wine Associa- 
tion the following method2 is employed : 

Ten cc. of wine are measured into a 500 cc. beaker, 
without the addition of water. The wine is well 
shaken to remove carbon dioxide and titrated 
directly with fifth-normal sodium hydroxide. I n  

freed from carbonic acid gas) run in, the stop-cock 
closed and the water heated to  boiling. Excessive 

1 Guide Partique des Falsifications et Alterations dcs Substan- 

* From letter received from C. S. Ash, Chemist of Cal. Wine A m .  
Alimentaires. par Pierre Breteau, p. 318. 
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the case of a heavy colored wine no indicator is 
used, the coloring matter serving to indicate the 
end-point of the titration. In the case of a white 
wine, the same method of procedure is followed 
excepting that a little neutral litmus is added. In 
titrating light colored wines, i t  may a t  times be 
advisable to add litmus but  the indicator is not 
added unless absolutely required. 

A comparison of results obtained by various 
methods of determining total, fixed and volatile 
acids in wines is shown in the accompanying table. 
Total acids were determined by the California 
Wine Association method, by the method of Wind- 
isch and by the proposed new method based on that 
given by Rreteau. Previous boiling was omitted 
in the case of samples which appeared to be prac- 

or to bear any relationship to the results obtained 
by either of the other methods. I n  the Angelicas, 
Ports and Sherrys, chiefly, much difficulty was 
experienced in carrying out the titrations, and the 
results were scarcely more satisfactory when litmus 
tincture was used. Not only were the successive 
color changes which occurred during the addition 
of the alkali not uniform among the different 
samples, but  the final change, a t  what was usually 
with great difficulty judged to be the end-point of 
the titration, varied greatly with the character of 
the wine. I n  titrating by the Windisch methods, 
the point of neutrality was judged to be attained 
when a small drop of the liquor placed on delicate 
blue litmus paper just ceased to produce a per- 
ceptible red. There appeared to be decided dis- 

RESULTS FOR TOTAL, FIXED AND VOLATILE ACIDS IN WINES. 
(Results expressed as cc. NA, acid in 100 cc. of sample.) 

Volatile acids. - - Fixed acids. - 
Vol.: fixed acids. Total acids. Glcula- -------- 

Proposed ted from Proposed Calcula- - 
Calcula- new method. total new method. ted from B y  

-__I--- 

Method ted from Method and Method --- total method By 

Cal. Wine Wind- new and vol. Wind- of Using phenol. tile Wind- Using phenol. fixed Wind- new 
Method of of Proposed fixed of Method Using vola- of Using and of proposed 

Samples.' Ass'n. isch. method. acids. isch. Sellier. litmus. phthalein. acids. isch. litmus. phthalein. acids. isch. method. 
1 Angelica. . . 
2 Claret.. . . . 
3 Port ...... . 
4 Riesling. . . 
5 Sherry.. . . . 
6 Zinfandel . . 
7 Sauterne.. . 
8 Sauterne. . . 
9 Sauterne.. . 
10 Port.. . . . . . 
11 Sherry.. . . . 
12 Claret.. . . . 
13 Port ..... . . 
14 Sherrv.. . . . 
15 Claret.. , . . 

4.30 
7.70 
5.20 
6.00 
4.00 
8.70 
6.70 
7.10 
7.70 
8.90 
5 .SO 
5.60 
6.80 
5.90 
8.50 

4.16 
7.52 
5.60 
6.36 
4.50 
7.92 
7.58 
8.16 
8.20 
8.44 
5.80 
10.60 
6.30 
6.40 
8.40 

5 .SO 
9.60 
7.20 
7.45 
5.35 
9.70 
8.55 
9.15 
8.90 
9.55 
6.60 
11.90 
7.10 
7.20 
9.50 

5.80 
9.55 
7.15 
7 .SO 
5.35 
9.75 
8.60 
9.20 
8.95 
9 .PO 
6.60 
11.90 
7.10 
7.25 
9.60 

3.32 
6.80 
4.36 
4.80 
2.96 
6.14 
5.64 
5.48 
6 .OO 
6.00 
3.60 
7.40 
4.40 
3.60 
6.20 

4.90 
8 .oo 
5.90 
6.15 
3.95 
8.20 
6.75 
6.40 
7.30 
7.75 
4.80 
9.60 
5 .SO 
5.70 
7.90 

3.40 
7 .OO 
5.00 
5.20 
3 .OO 
6.55 
5.50 
5 .OO 
6.00 
6.50 
3.70 
8.20 
4.50 
4 .OO 
6.40 

5.00 5.00 
8.00 8.05 
6.00 6.05 
6.10 6.05 
3.90 3.90 
8.10 8.05 
6.15 6.70 
6.50 6.45 
6.95 6.90 
7.30 7.25 
4.40 4.40 
9.20 9.20 
5.20 5.20 
4.80 4.75 
7.70 7.60 

0.84 
1.72 
1.24 
1.56 
1.54 
1.78 
1.94 
2.68 
2.20 
2.44 
2.20 
3.20 
1.90 
2.80 
2.20 

0.70 
1.40 
0.95 
1.15 
1.20 
1.40 
1.30 
2.10 
1.70 
2.00 
1.90 
2.40 
1.60 
2 .oo 
1.60 

0.80 0.80 
1.55 1.60 
1.15 1.20 
1.40 1.35 
1.45 1.45 
1.65 1.60 
1.85 1.80 
2.70 2.65 
2.00 1.95 
2.30 2.25 
2.20 2.20 
2.70 2.70 
1.90 1.90 
2.45 2.40 
1.90 1.80 

1: 3.95 
1:3.95 
1: 3.51 
1: 3.07 
1: 1.92 
1: 3.44 
1: 2.90 
1: 2.04 
1: 2.73 
1: 2.46 
1: 1.64 
1: 2.31 
1: 2.32 
1: 1.28 
1: 2.82 

1: 6.25 
1: 5.16 
1: 5.21 
1: 4.35 
1: 2.69 
1:5.06 
1: 3.69 
1: 2.40 
1: 3.47 
1: 3.17 
1: 2.00 
1: 3.41 
1: 2.74 
1: 1.96 
1: 4.05 

tically free from carbon dioxide. Fixed acids 
were determined by the method of Windisch, by 
the method of Sellier and by the proposed new 
method of titrating the liquor remaining after 
driving off the volatile acids by means of steam 
distillation. Volatile acids were determined by 
the indirect method of Windisch and by the pro- 
posed new direct method of titrating the acids 
collected in the distillate. In  the Windisch methods 
the titrations were made using litmus paper as an 
indicator and in the method of Sellier, as in the 
proposed new methods, phenolphthalein was used. 
Results are expressed as the number of cc. of normal 
total, fixed and volatile acids respectively in IOO 
cc. of the wine. 

The results obtained by the California Wine As- 
sociation method do not appear to be satisfactory 

advantages in the use of litmus paper and the use 
of litmus solution, even in a clear distillate, is open 
to a serious objection which will be stated presently. 
In colored wines, especially, the difficulties were 
very great, and it was iound well-nigh impossible 
a t  times to devise a means whereby to judge with 
reasonable certainty the true end-point of the 
titration. It was found, however, after consider- 
able practice, that  fairly concordant results were 
obtainable by this method in the majority of in- 
stances. Phenolphthalein, on the other hand, 
while not entirely unobjectionable, was found to 
give far greater satisfaction. While it was not 
always convenient to titrate on the undiluted 
sample, especially in the case of wines containing 
more or less natural coloring matter, it was found 
to be entirely permissible, as in the titration of cider 

1 Samples 1 to 6 furnished by California Wine Association, 1908; samples 7 and 8 obtained from local dealers, samples 9 to 12 furnished by 
bondequoit Wine Co , 1908, samples 13 to 15 furnished by Garrett & Co., 1908. 
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vinegars, to dilute with boiled distilled water in 
order to carry out a satisfactory titration with 
phenolphthalein. It has been shown that the end- 
point of a titration can be very accurately judged, 
even in a deeply colored wine, and that the addition 
of water to the extent of from IOO to zoo cc. to IO 

cc. of sample does not introduce a serious error in 
the result. As in a cider vinegar, the change in the 
color of a wine occurs a t  a much earlier stage than 
the change in the phenolphthalein and there is no 
difficulty in detecting distinctly the change in the 
indicator. 

As already pointed out, the results shown in the 
first column of figures are a t  best only fair ap- 
proximations. I n  the majority of instances, it 
was observed that  when litmus paper was used the 
titrations were carried somewhat beyond the point 
of neutrality which seemed to be indicated by the 
change in the natural coloring matter of the wine. 
It is also noted that results obtained by titrations 
employing litmus are uniformly much lower than 
results obtained with phenolphthalein. This is 
true not only in the titrations of total and fixed 
acids but also in the direct titrations of the volatile 
acids. In comparison with the results obtained 

proper indicator for wines and fruit products in 
general. Litmus is not recommended for titrating 
such acids as tartaric, acetic, tannic, succinic and 
malic. In titrating tartaric acid with Iitnius as 
indicator, the change is gradual and the end-point 
indistinct, while in titrating acetic acid the acetate 
of sodium formed is alkaline to litmus and tends 
strongly to hasten the end-point. Similar results 
are obtained on titrating solutions of succinic and 
malic acids. In a solution of tannic acid containing 
litmus the change in the color of the indicator takes 
place almost immediately after beginning the 
titration and only a small proportion of the actual 
acid is indicated. Phenolphthalein, on the other 
hand, is a very satisfactory indicator with all these 
acids. Acetate of sodium is neutral to phenol- 
phthalein and the theoretical amount of acetic acid 
is obtained. I n  the case of tannic acid, the end- 
point is good, about 80 per cent. of the acid being 
shown. The total acid is obtained after boiling a 
short time with a measured small amount of tenth- 
normal hydrochloric acid. As a means of shedding 
some light on the differenc2s occurring in titrating 
wines with these two indicators, the determinations 
shown in the following table have been carried out: 

COMPARISON O F  LITMUS AND PHENOLPHTHALEIN AS INDICATORS IN TITRATING SOME O F  THE ORGANIC ACIDS EXISTING IN WINES.  

cc. N/1 acid in 100 cc. 
acid Per indicated. cent. 

Acids. Description. 

Using Using 
Grams Calcu- phenol- Using phenol- Using 

in 100 cc. lated phthalein. litmus. phthalein. litmus. 
Tartaric Eimer 81 Amend, pure. . . . . . . . . . . . . . . . . . .  0.4000 5 33 5.35 5 10 LOO 3 95.6 
Acetic Mallinckrodt's 99 per cent ............... 0.4040 6.67 6 70 6.35 100.4 95.2 
Potassium bitartrate Eimer & Amend, pure.. ................. 0 4000 2.12  2.10 1 .90  99 0 89.6 
Tannic J. T. Baker Chemical Company's pure.. ... 0.5000 2.79 2.20 0.40 78.8 14.3 

After boiling with dilute HC1.. .................................................... 2.80 0.40 100.3 14.3 

Average per cent. acids indicated (omitting acetic). ........................................................... 92.6 66.5 
.................................................................... Average per cent. total acids indicated.. 94.4 73.6 

with phenolphthalein, litmus indicates approxi- 
mately from 7 7  to 92 per cent. of the total acids 
and from 58 to X,5 per cent. of the f i x d  acids. 
Doubtless there are theoretical reasons underlying 
these differences, and the question may well be 
raised as to whether chemists have given sufficient 
attention to theoretical considerations in choosing 
indicators to be used in titrating the acids in wines. 
In the first place, there can be no justification for 
the selection of the natural coloring matter of a 
wine as a correct indicator in titrating either total 
or fixed acids. Enough is known regarding the 
action of the oenocyanin and other natural coloring 
matters of wines in the presence of acids aiid alka- 
lies to exclude such substances as suitable for use 
as indicators. In  the case of litmus, also, there 
are important reasons which should bar i t  as a 

In the table headed Results for Total, Fixed and 
Volatile Acids in Wines, the results shown in the 
tenth column of figures are somewhat higher than 
the results shown in column twelve. Such dis- 
crepancies, however, lose their significance mhen it 
is considered that, in the determination of yolatile 
acids by the indirect method, not only are the results 
of titrations using litmus as indicator incorrect, 
but the titrations of total and fixed acids are not 
made under comparable conditions. \17hile it is 
unquestionably true that the volatile acids may be 
driven 09 by repeated evaporation in an open dish, 
i t  does not follow that the results obtained by 
means of the two titrations can be correct. It is 
conceivable that important changes may occur 
during the prolonged heating of the wine in order 
to reduce the material for a third time to a pasty 
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consistency; a t  any rate, we have no positive 
knowledge that  the so-called fixed acids occurring 
in the final residue represent the actual fixed acids 
in the original wine. A titration of the residue 
may suffice as an indication of the acids present 
after driving off the volatile constituents bv the 
prolonged heating, but  to  employ the result of such 
a titration as a factor in the calculation of the actual 
volatile acids appears to  be an unwarrantable pro- 
ceeding 

In expressing the results of analysis, the orthodox 
custom appears to  be to  calculate the fixed and 
total acids as tartaric and the volatile acids as 
acetic. It is impossible to  concede any advantages 
in favor of this custom. It may be safe to assunie 
tha t  in wines the fixed acids are in the main tartaric 
and the volatile acids acetic; but, even on such 
assumptions, the results are strictly erroneous and 
not readily comprehensible. Such a method applied 
to  the various fruit juices and ciders would fail to 
give significant results in practically all cases, and 
the case is still worse when one undertakes to apply 
the method of calculating the acids as sulphuric. 
Instead of these conventional methods, it has been 
found better to adopt the plan of expressing all 
results for total, fixed and volatile acids in terms 
of the number of cc. of normal acid in a definite 
measure, say IOO cc., of wine. There will then be 
afforded results which can be readily compared and 
comprehended. Furthermore, in case it be required 
to calculate results in terms of any particular acid, 
such an operation can easily be carried out. 
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It is a well-known fact that  milk serum is of mor? 
uniform composition than milk, consequently its 
constants, particularly the specific gravity have 
been used for many years for the detection of 
added water. Recently the index of refraction 
has been suggested for this purpose and was first 
employed by Villiers and Bertault' in 1898 who 
prepared the serum by placing a mixture of two 
volumes of I per cent. acetic acid and one volume 

I Bull. SOC. Ckim.. 19, 305. 

of milk in a flask connected with a reflux condenser, 
heating to  the boiling point, cooling and filtering. 
The serum was examined in the oleo-refractometer 
of Amagat and Jean. Matthes and Muller1 in 1903 
first suggested the use of the Zeiss immersion 
refractometer for this purpose, using the serum 
obtained from spontaneously soured milk. Leach 
and Lythgoe* in 1904 prepared the serum according 
to  the method of Woodman3 with 25 per cent. 
acetic acid, taking the refraction with the immersion 
refractometer. Baier and Neumann4 mixed the 
milk with an asaprol citric acid solution in the cold, 
filtered, and determined the index of refraction of 
the filtrate with the Wollny milk fat refractom- 
eter. Ackerman5 heated the milk with a calcium 
chloride solution and determined the index of 
refraction of the serum by means of the immersion 
refractometer. 

During the past two years many samples of milk 
of known purity have been examined in the labora- 
tory of food and drug inspection of the Mass. State 
Board of Health to which two or more of the above 
methods have been applied. The specific gravities 
of the sera were obtained at I 5 O ,  and the indexes of 
refraction on the immersion refractometer at 20°, 
and the results are reported in the accompanying 
tables. The samples of milk were all milked in the 
presence of an inspector or an analyst of this de- 
partment. 

The details of the methods used for the prepara- 
tion of the milk sera are as follows: 

Acetic Acid Metlzod.-To IOO cc. of milk a t  about 
zoo C. add 2 cc. of 25 per cent. acetic acid, mix 
well and place in a water bath a t  70° C. for 20 
minutes. 

lVatura1 Souring Method.-Allow the samples t o  
sour spontaneously and filter off the serum. 

Calciu In Chloride Method.-The details have been 
slightly modified from the method of Ackerman 
indicated above. Place 90 cc. of milk in a flask, 
add 0.75 cc. of calcium chloride solution, sp. gr. 
1.1375 (when diluted I: I O  this solution reads 26 
on the immersion refractometer a t  I 7.6 O C.), shake 
thoroughly, close the flask with a cork carrying 
a glass tube to  act as a reflux condenser, place in 'a 
boiling water bath for 2 0  minutes, cool to 2 0 ° ,  mlx 
the condensed water and serum without shaking, 
and filter. 

Cool IO minutes in ice water and filter. 

? 

1 Zed. offnt t l .  Chm, , 10, 173. 
1 J .  A ~ .  am. soc., ae, ~ 1 9 5 .  
a mi.. ai, 503. 
4 Zed. Nahr-Genusrm., 18, 369. 

Ibid., 14. 186. 


